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ABSTRACT

A series of four experiments was conducted to investigate whether

the nature of a visual display affects short-term memory for numeric
information extracted from the display. Three differents kinds of dis-
plays were chosen for study; a digital counter, a moving scale and a
moving pointer display. In Experiment I reading performance was examined
using the moving scale and moving pointer displays. The results of

this experiment, in which the moving scale yielded superior performance,
provided baseline data with which to judge future performance and also
enabled a judicious choice of exposure durations for the subsequent
experiments. In Experiment II the Brown-Peterson paradigm with varied
retention intervals was used to examine the short-term memory for
quantitative information from the three kinds of displays. In general,
the digital counter yielded the best recall performance, followed by

the moving pointer and moving scale displays in that order. An analysis
of the recall errors obtained suggested that when Ss were attempting to
recall information from the moving pointer display, they were able to
augment the verbal information in memory with non-verbal pointer position
information. Experiments III and IV were between- and within-subjects
designs which tested this hypothesis using the Brown-Peterson paradigm
with two different interpolated tasks, one of which interfered with the
retention of verbal information and the other which interfered with the
retention of both verbal and non-verbal information. The differences

in error patterns which were obtained in Experiment II between the moving
pointer and moving scale displays were again obtained when the interpolate&
activity was considered to be causing only verbal interference. However,
this difference was abolished or considerably lessened when the inter-
polated activity was one that interfered with both verbal and non-verbal
memory. Thus there was support for the hypothesis that Ss are able to
utilize both non-verbal and verbal information in the recall of quan-
titative information from a moving pointer display.
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CHAPTER 1
INTRODUCT ION

Many man-machine systems incorporate visual Information <dlsplays
from which the operator must read off information required to malntaln
successful operation of the machine. In many systems the operater
must make a substantial number of quantitative readlings from the same
display. Thus the question of which type of J{isplay to use {n a particular
system is an ext;emely important one, for each type of dlsplay has its own
distinct advantages and disadvantages. Since World War Il =uch research
has been directed towards evaluating visual displays and trying to de-
termine for which systems one display {s superior to another. One
approach to this problem has been to examine reading performance using
different types of displays. Two main measures have been used:

a) The accuracy with which a display can be read and b) The cpeed of
reading the display in terms of reaction or response times. Various
investigators (Sleight, 19u8; Christensen, 1952; Elkin, 1959) have
evaluated displays using this method and they tend to concur in finding
that for both speed and accuracy, reading a moving scale display yielded
superior performance to reading a moving pointer display. While these
methods provide an indication of how much processing is required to
read a particular display, they only tell one side of the story as they
consider the reader as little more than an optical scanner. In order
to make more realistic eviluations of visual displays, it is preferable

to devise methods of investigation in which man is more actively processing



the information rather than merely reading it off the display and doing
nothing with it., This limitation in previous studies was mentioned by
Graham (1954) [as cited in Rolfe (1965)) who discussed some of the
reading experiments and then noted that
", . .The criteria of good design employed were the speed g
and accuracy with which the subjects could read the display.
This however is only one half of the problem, Very often J
the operator has to translate what he sees into an
appropriate action.,"
Clearly it is not sufficient t6 use only the very simplest task to , %
<wvaluate a display that is part of a system. Since the display is an 3

element of the system it is highly likely that the information that is

extracted from the display will be used subsequently in system operations.
One thing lacking in many of the early studies was the failure to consider
the fate of the information after it had been rwad off the displays.

Once the information is read off the display it is retained in the
short-term memory of the system operator where it may remain available
for subsequent use. The question which the present program of research
attempted to answer was "How, if at all, is short-term memory for
quantitative information dependent upon the type of display from which
it comes?" From a practical standpoint, information on how well readings
are remembered is valuable because a machine operator must often read

a display, store the information, and use it at some later stage in

operations, Consider the case in which the operator reads off the
oil pressure at the start of an operation. Towards the end of the !
operation he reads the pressure again in an attempt to determine to

what extent the pressure has changed as a result of the system's operations,
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In order to find out what the change is, he must retain the first reading
in his memory so that he is able to compare it with the subsequent
reading and ascertain the magnitude of the change. The navigator of an
aircraft might similarly resort to his short-term memory in trying to
reconstruct the routing of the airplane at some later stage in flight
operations. Since the information extracted from a display is used

in the operation of the system it becomes important to examine the
retention of information read off a display. It is necessary to
ascertain whether there are differences in the accuracy of recall from
display to display and in the event of recall errors, the nature of
these errors.

In considering whether there might be differences, both qualitative
and quantitative, in the memory for information from different kinds of
displays, it is interesting to examine the ways in which the displays
differ and how suéh differences might manifest themselves in memory.
Elkin (1959) has demonstrated that for qualitative reading in which
less precision is required, performance with a moving pointer display
is superior to that with a moving scale display because even a glance
at the moving pointer display tells the reader roughly the value of
the reading. This difference between the two displays is also evident
in the error profiles obtained with readings from brief exposures.

The errors made when reading a moving pointer instrument are usually
small, e.g., the final digit is misread; while large errors are more
frequent in reading a moving scale display. Clearly the existence of

a pointer position is a physical difference between the moving pointer



and the moving scale disnlays that has the pc*ential for conveying
additional information. It was considered possible that the pointer
position information present in the moving pointer display, could be

used by system operators to augment the verbal information in retention
of the display reading. Recently a growing body of experimental evidence
has accumulated which suggests the possibility of different memory
stores for verbal and non-verbal material or at least different forms

of stimulus encoding., Margrain (1967) presented pairs of digits, one
aurally (verbal), one visually, for recall, and reasoned that if all
incoming information was stored verbally, then input modality should
cause no differences, and also that interpolated tasks using different
modalities should not have differential effects depending on stimulus
modality. However, she found that the retroactive interference due to
the interpolated task was modality specific and explained her results

in terms of two different and independent short-term stores, one visual
and the other acoustic, Her results cannot easily be accommodated within
the theories of short-term memory that maintain that the stimulus, whether
presented visually or aurally, is encoded in some verbal or acoustic

form shortly after presentation. The claim that her results are evidence
for modality-specific storage is perhaps better stated less strongly as
demonstrating the possibility of non-verbal encoding in short-term memory.
The experimental approach utilizing material from various modalities and
drawing conclusions based on how such material interferes with memory

has also been used by Brooks (1968), He presented data which support

the hypothesis that verbal and visual (or what he calls "spatial")



information are processed in distinct modality-specific manners. He
required Ss to signal information about previously memorized material
in one of two ways, either by speaking or by using spatially monitored
output, The material about which the Ss had to signal information was
either a sentence or a line diagram., He demonstrated that while a
person was recalling a linc diagram, he could more readily signal
information about that diagram by speaking than by using spatially
monitored output. * In general, he found that when spatial memory was
being used, recall was most readily disrupted by concurrent spatial
activity and that when verbal memory was involved, recall was most
readily disrupted by concurrent verbal activity,

It is quite possible that the first piece of information that an
operator extracts from a moving pointer display is the position of the
pointer, Several authors have suggested that the analysis of incoming
information takes place at various levels; indeed the work on selective
attention (Treisman, 1969; Moray, 1959; Cherry, 1953) provides much
evidence for this concept. Investigators have found that when S
shadowed a message coming in at one ear, he was only able to notice the
grossest physical properties of the message to the other ear, One
theory to account for these findings suggests that the incoming infor-
mation may be analyzed in a hierarchical fashion (Neisser, 1967). At
the lowest level of the hierarchy the analysis is purely physical,
while higher up, the semantic content is analyzed. It is proposed that
an S may select the message to which he will attend on the basis of

gross physical features and that the message that does not meet the



established requirements is attenuated so that the selected message may
receive more concentrated attention. Support for such hierarchical
analysis schemés is forthcoming not only from these auditory attention
studies, but also from some of the investigations of visual search that
suggest a preattentive stage in which crude physical features are con-
sidered (Neisser, 1967). In addition Posner and Mitchell (1967) found
that when Ss were.required to make "same-different" judgments, their
responses were faster when only the physical properties of the stimuli
had to be examined in order to make a judgment. All these studies
suggest that material introduced into the system is handled in a
hierarchical fashion with physical or immediate sensory features being
analyzed first,

Shulman (1969) has proposed that the encoding of an item takes
place over time. In line with the concept of hierarchical analysis of
input material, he has suggested that the features most closely related
to the sensory input are encoded more rapidly than are the other features.,
If S is required to recall values from moving pointer and moving scale
displays, then in order to maximize the time available for rehearsal,
and under the pressure of a brief exposure duration, he attempts to
encode the information as quickly as possible. This implies that
encoding will begin with the sensory attributes of the input, i.e.,
with the moving pointer display, S will first encode the pointer position
information.

Thus, it is suggested that with the moving pointer display, S first

encodes pointer position information. Whatever time remains may be devoted



to verbal encoding of the display reading. It is, of course possible,
that these encodings are started simultaneously, although the former,
being more closely related to the sensory input, is completed sooner,
In contrast, tﬁe moving scale display offers no similar position infor-
mation and only verbal encoding is involved., Elkins' (1959) data on
qualitative reading of different displays lend support to this conception
of how S is processing information. His finding that reading performance
with the moving pointer display was superior to that with the moving scale
display may be explained by assuming that merely from pointer position S
may obtain all the information required for accurate qualitative reading.
Thus with a brief exposure duration he is able to rely on such information
which may be obtained more rapidly than the verbal information which he
must extract in order to make a qualitative reading from the moving
scale displays. Thus, if recall for readings from these two displays
is compared, it would be expected that while precise accuracy might
not differ between the moving pointer and moving scale displays, the
errors with the former should be smaller than those with the latter
since recall of the pointer position roughly indicates the correct value,
Three types of display were selected for study, a moving pointer,
a moving scale, and a digital counter, Experiment I was designed to
provide some baseline data on reading performance for two of the three
selected displays. Experiment II attempted to answer the question about
the memory differences between the displays. Experiments III and IV
were designed to shed light on a theoretical issue that arose from the

results of Experiment II,



CHAPTER I1I

APPARATUS AND STIMULUS MATERIALS

During the entire research program the same basic apparatus was used.
The Ss were seated in a dimly lit soundproof booth facing a glass window
in front of a screen on which the stimuli appeared; Ss were approximately
106 cm from the screen. The stimuli were on slides which were back-
projected onto th; screen via a simple mirror arrangement by a system
consisting of two Kodak Carousel Projectors controlled by an electronic
sequence timer. The timer was programmed to permit a set of slides to
be projected in a determined sequential order for the various required
exposure durations. A two-way intercom system permitted communication
between S and E,

A single set of stimulus materials was used throughout the series
of experiments although not all stimulus ty.es were used in each
experiment. The stimuli were 2 x 2 black-on-white slides, consisting
of pictures of quantitative displays set at various values, Three
different kinds of displays were selected for study, a moving scale,

a moving pointer, and a digital counter as illustrated in Figure 1,

On the moving scale display the pointer remained fixed while the scale
moved past the open window; two numbers were always visible and the
numbers increased from left to right. On the moving pointer display
the scale was fixed while the pointer moved around the dial face,
Display readings were always whole numbers. Both the moving pointer
and the moving scale displays had a scale range of 200, extending from

100 to 300, a numbered interval value of 10 (major graduation marks) and

TR
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a graduation interval of 1 (minor graduation marks), with intermediate
graduation marks every 5 units., The dimensions and spacing of the markings
were identical for both displays. When the displays were projected in
the apparatus the lengths of the major, intermediate and minor graduation
marks were 0.7 cm, 0.5 cm, and 0,25 cm respectively, while the corres-
ponding widths were 0.075 cm, 0,05 cm, and 0.033 cm. The third display
was a digital counter having a scale range of 200, from 100 to 300,
Tactype Future Demi Numerials were used whose dimensions were identical
for all three displays and when projected their height and width were
O.4 cm and 0.2 - 0,3 cm respectively., All three displays were designed
in accordance with recommended specifications (McCormick, 1964).

When projected in the apparatus the visual angles subtended by the
largest dimensions of the digital counter, moving scale and moving ponter
were 1° 24', 2° 40', and 5° 52' respectively. The brightness of the back-

ground of the stimuli measured by a Macbeth Illuminometer was 20 ft Lamberts.



CHAPTER III

EXPERIMENT I

Introduction

While the data of Sleight (1948), Christensen (1952) and Elkin (1959)
among others point to differences in the efficiency with which various
dials can be read, not all of the data agree. Both Sleight and Elkin demon-
strated that reading performance using a moving scale dial was better than
using a moving pointer dial. Although Christensen obtained this ordering
at short exposure durations, he found that when the exposure duration was
increased above 600 msec. this ordering was reversed. Some of these
differences may be due to the reading task complexity, scale and marking
differences or to the particular exemplar of moving pointer or moving scale
that was used. For this reason it was considered important to obtain
baseline reading data with the displays that would be used for further
information processing experiments, rather than rely on the data obtained
by other experimenters. In this experiment an attempt was made to obtain
such data on reading performance for two of the three different displays
which had been selected for study; the circular moving pointer dial and

the open window moving scale dial.

MethcH
Subjects.--The Ss were six male and six female paid volunteers having

20/20 vision either corrected or uncorrected. All were students at the

University of Michigan.
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Apparatus.--The apparatus that was used has been fully described in
Chapter 11,

Stimulus materials.-<The stimulus materials have been fully described

in Chapter II. Only the moving pointer and moving scale dials were used
since pilot data with the digital counter indicated perfect reading perfor-
mance in the range of exposure durations tested in this experiment.

Experimenta] design.--Two dial faces were used, the moving scale and

the moving pointer and Ss were required to read aloud the three digit
number corresponding to the dial setting at three different exposure
durationsj 0,75, 1.00, and 1.25 sec. Thus a 2 x 3 within-subjects design
was employed. Different dials and exposure durations were blocked making
six blocks of trials per S. Three different stimulus sets each con-
sisting of random orderings of 3u4 different dial readings were combined
with the three exposure durations in a Graeco-Latin Square design, half
the Ss reading the moving scale first and half reading the moving pointer
first, Each block consisted of one type of dial exposed for one of the
three exposure durations, The order of the 34 dial readings within a
stimulus set remained the same throughout the experiment, The particular
readings used in each set were chosen so that, as near as possible, the
nine final digits 1 - 9 (0 was omitted), the ten middle digits 0 - 9, and
the first two digits were equally represented.

Procedure.--The Ss were told that the purpose of the experiment was
to study the ease and accuracy with which one can read a dial face that
is exposed for varying lengths of time, They were instructed to read

the dial as accurately as possible; they were paid 1/2¢ for each correct
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reading that they made and they lost 1/2¢ for each error. The trials
were blocked as described above and S rested briefly between blocks.
In each block the first 8 presentations were regarded as practice trials
followed by 26 scored trials, At the start of each trial a row of
asterisks appeared on the screen for 1 sec. This acted as a warning that
a picture of the dial would follow very shortly and it also served as a
fixation line for'S as the dial appeared in about the same position on
the screen. The dial stayed on the screen for a fixed duration which
remained constant throughout the block, but varied from block to block.
After the dial appeared S's task was to read aloud the three digit
number represented on the dial face. There was about 8 sec. in which
to do this and relax before a row of asterisks once again appeared
signalling the start of a new trial. Ss were required to make a response
on each trial even if they had to guess one or more of the three digits.
E heard S read off the three digit number through the intercom system
and recorded this number on the score sheet. S received feedback as to
the number of errors made at the end of each eight practice trials and
at the end of each block.
Results

The Ss' readings were compared with the actual dial readings and
the percentage error for each dial at each exposure duration was calculated.
Figure 2 shows the percent reading error for each dial as a function of
exposure duration. A three-way within-subjects analysis of variance
was performed with the square-root transformation of the number of errors

as the dependent variable. A transformation had to be applied to the
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Fig. 2. Percent reading error as a function of exposure duration with
type of display as the parameter.

paw epror scores in order not to violate the assumptions of the analysis
of variance, since the cell means and cell variances tended to be posi-
tively correlated. Since the within-cell distribution was Poisson in
form, and the number of errors was small, a form of the square root

transformation was selected;

X'=VX+172.
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A significant ‘main effect due to exposure duration [F(2,22) = 11.25,
P < 0.01] was obtained. There was also an effect due to dial face
(F(1,11) = 4,63, p < 0.01]). Figure 2 shows that performance with the
moving pointer dial was inferior to that with the moving scale dial at
0.75 and 1,00 sec exposure durations while performance with the two
dials at 1.25 sec was essentially the same. A significant interaction
between dial face and exposure duration was not obtained despite a trend
in that direction.
Diséﬁssion

The main finding of this experiment, that at short exposure durations
reading performance with a moving scale dial was superior to that with a
moving pointer dial, confirms the results of some previous experimenters
(Sleight, 1948; Elkin, 1959) who obtained similar rankings. The data
suggest that more processing was required to read and interpret the
moving pointer dial than to do so with the moving scale dial. It
should also be mentioned that performance of the six male Ss was generally
superior and less variable than that of the female Ss, and for this
reason only males were run in subsequent experiments. The present results
provided data that may serve as comparison data for future results.
It also contributed to a judicious choice of exposure duration for

subsequent experiments.,




CHAPTER IV

EXPERIMENT II

Introduction

This experiment was designed to examine the proposition that quan-
titative information from one kind of display is better retained in
short-term memory than the same information which has been read off
another kind of display. Experiment I established differences in the
ease with which Ss read two of the three particular displays chosen for
study, and it was considered possible that comparable differences might
exist in memory for the readings. In a real-life situation an operator
may read a display and be required to retain the information for some
period before using it. This period during which he retains the infor-
mation is unlikely to be one in which the operator is idle; more likely
he will be intensely occupied.

The Brown-Peterson paradigm to study short-term memory simulates
this situation in the laboratory (Brown, 1958; Peterson and Peterson, 1959).
The S is presented with a "to-be-remembered item" and the time period
between the item's presentation and its recall is filled with another
activity that may be related or unrelated to the material held in store.
This is the paradigm which was used in the present experiment to study
differences in short-term memory for quantitative information from various

visual displays.

Method
Subjects.--The Ss were 24 male paid volunteers between the ages

18-25 years all having 20/20 vision either corrected or uncorrected.

16
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Apparatus.--The same apparatus was used as in Experiment I.

Stimulus materials.--The three types of displays described in

Chapter II were used; the moving scale, the moving pointer, and the
digital counter. The readings displayed were always whole numbers not
involving interpolation between minor markers.

Experimental design.--The experiment was divided into three parts,

the first and final parts consisting of reading trials similar to those

in Experiment I ;xcept that a constant stimulus exposure duration of

1.5 sec was used. In both parts S received three blocks of trials, one

for each display type. In Part I there were 34 trials per block, the

first 8 of which served as warm-up trials followed by 26 scored trials.

In Part III there were 10 trials per block with no warm-up trials. In

both parts S was required to verbally report the three digit reading repre-

sented on the display. The order of presentation of blocks was counter-

balanced over Ss and at the end of each block E told S how many errors

he had made on that block. The trials in Parts I and III provided an

estimate of reading accuracy at a stimulus exposure duration of 1.5 sec.
Short-term memory for readings from the different displays was

examined in Part II using a Brown-Peterson paradigm with varied retention

intervals. After a warning signal, a picture of the display was projected

on the screen for 1.5 sec during which time S was instructed to read to

himself the three digit number represented on the display. Immediately

after the display disappeared a letter of the alphabet appeared for

0.5 sec. S was then required to recite the alphabet backwards during



18

the retention interval starting with the presented letter anc¢ continuing
until a row of asterisks was displayed at which time S attempted to
recall the reading. A different display type was represented in each
main block which consisted of 30 trials. Each S was tested with each
display 10 times at each of the 3 retention intervals, S5, 10, and 20 sec.
A specific retention interval was represented once in each successive
block of three presentations, the order of the intervals within such
blocks being randomized, but in such a way that the first order transitional
properties of the retention intervals were as equal as possible. The
first two presentations in each main block were considered practice
trials and S was so informed. The following four trials were present
in order to stabilize proactive interference, which typically, in this
paradigm, builds up over the first four trials and then levels off
(Keppel and Underwood, 1962); these trials were not scored. The remaining
24 trials, 8 at each retention interval, were scored.

Procedure.--The instructions to Ss for the first and third parts
of the experiment were essentially the same as in Experiment I; they
were urged to be as accurate as possible. In the second part Ss were
told that the purpose of the experiment was to study how well they
could remember readings from different displays when doing something
else. They were given extra pay for each correct recall they made,
but they were instructed to recite the alphabet backwards as fast and
as accurately as possible and were so encouraged from time to time during
the block of trials. See Appendix I for detailed instructions. They

were instructed to guess all or part of the number if they could not
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remember it. On each trial the word "ready" presented for 1 sec warned

S that a picture of the display would follow very shortly. The display

was presented for 1.5 sec and S read off to himself the three digit number,
performed the interpolated activity and subsequently attempted to recall

the number. There was a ten second period allowed for recall and relaxation
between trials. S rested briefly between blocks and also between parts of
the experiment. E monitored S's performance on the interpolated activity

via the speaker system and recorded recall responses.

Results
For the first and third parts of the experiment the percent reading

error for each display was obtained. Table 1 shows these data. As

TABLE 1

PERCENT READING ERRORS ON DIFFERENT DISPLAYS AT 1.5 SEC EXPOSURE DURATION

Part 1: 26 Trials Per S

Dial Type
Moving Scale Moving Pointer Digital Counter
% Error 3.7 6.4 0.0

Part 3: 10 Trials Per S

Dial Type
Moving Scale Moving Pointer Digital Counter
% Error 4.2 5.4 0.0

expected Ss made no reading errors with the digital counter; performance

with the moving scale display was superior to that with the moving pointer display.
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These results confirm the findings of Experiment I in which the same
relative ordering was obtained. However, it should be noted that
reading the displays in Parts I and III may well be different from
reading the displays in Part II in which S knew that he would subse-
quently be required to recall the number. This expectation possibly

may have influenced reading performance (cf., Triggs, 1968).
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In the second part of the experiment S's recall responses were

g
scored against the actual readings from the display and the percent re- ﬁ?
.
call for each display at each retention interval was calculated. Figure 3 f 9 %,
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Fig. 3. Percent recall of the display reading as a function of retention
interval with display type as the parameter,
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Despite the low point at the 5 sec retention interval for recall of the
digital counter readings, performance with this display appears to be
superior to that with the other two displays. On these, performance was
about equal except at the 5 sec retention interval at which the moving
pointer recall was superior.

In addition to the recall responses being scored correct or incorrect,
the size of the errors was also scored. Thus, if the correct reading was
186 and S's recall was 193, this was scored as an error of +7 units. The
errors were then classified in one of five ways according to the following
scheme.

i) The three recalled digits were the same as those displayed but

the order was incorrect, i.e., a reversal error. This was
designated Vl' e.g., 286 recalled instead of 268.
ii) Only the first digit was incorrect. This was designated V2.
e.g., 173 recalled instead of 273. It should be noted that

all readings fell between 100 and 299.

iii) The first two digits were correct but the final digit was
incorrect. This was designated S, a small error, e.g., lu3
recalled instead of 147. Most of the reading errors fell into
this category.

iv) The first two digits were not correct but the size of the error

was < 25 units. This was designated M, a medium error, e.g.,

153 recalled instead of 1u7.
v) The size of the error was > 25 units. This was designated L,

a large error, e.g., 213 recalled instead of 156.
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All errors were examined first as to whether they belonged to categories
V1 or V2. If.they did not they were then placed in category S, M, or L.
Thus 2u4l recalled instead of 214 was classified V1 while 242 instead of
214 was classified L. Table 2 shows the number of errors so classified

for the moving pointer and moving scale.

TABLE 2

* ERROR CLASSIFICATION FOR EXPERIMENT II

Retention Interval (sec)

5 10 2
MS MP MS MP MS MP
v 0 3 0
v 10 2 12
S 29 29 32 36 30 43
M 12 18 16 25 19 32
L 31 4 23 18 4l 23

The data for the digitai counter have geen omitted here because it was

felt that this display presented very different task demands in terms of
reading the number than did the other displays. The comparable data for

this and subsequent experiments are reported in Appendix II. Reading

the moving pointer display required location of the pointer and interpolation
between two numbered markers. Reading the moving scale display required
merely the interpolation. In this anc subsequent experiments only the
moving pointer and the moving scale will be compared when considering

the nature of the errors. Figure 4 shows the number of M and L errors for

the moving pointer and moving scale displays at different retention intervals.




m
o~

Ruiod buinopw gw
91035 bGuwmopw S

dW S

o

o]}

0e

*TPAJIUT UOTIUIISAZ yoead e Aerdsip areds Buraouw
pue aajutod Butaow IY3I YITA IpEW SIOIJP IJJPT puUE WNTIPAW JO SIIqUNU YL

“10443 WP mEm——

diN SW

$PU0d3s O)

0

o]

*h 313
sou3 Mo
dN SW
(0]
o1
2
s
—H02 m
m
2
o
| Hog ™
m
P+
2
Jov 9
w
s$puodds ¢ Jog




24

M+ 1/2
M+L+1

each condition. This score reflects the number of M errors as a proportion

A composite score of was calculated for each S under

of the total ﬂumber of M and L errors. The 1/2 added to both M and L
avoids the problem of having a zero score in the numerator or denominator,
When the entries in both the M and the L category are zero the composite
score is 0.5. As the number of errors in the M category increases‘the
composite score tends to 1 while as the number of errors in the L

category increases the score tends to 0. Table 3 shows the mean

M+ 1/2 .
KRR ket
TABLE 3
M+ 1/2
MEAN Wil s+l RATIOS FOR EXPERIMENT II1
Retention Intervals (sec)
3 10 20
MS MP MS MP MS MP
O.41 0.61 0.u45 0.53 o.u4l 0.55

A three-way within-subjects analysis of variance was performed with the

M + 1/2 ratio as the dependent variable. A significant main effect
M+L+1

(F(1,23) = 17.25, p < 0.01] due to display type was obtained, but no

other significant main effects or interactions were obtained.
Discussion
There appear to be differences in short-term memory for readings

from the three kinds of displays. Recall from the digital counter was
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superior to that from the other displays on which performance was approxi-
mately equal. Caution, however, should be taken in interpreting these
results since reading has been shown to be less accurate for the moving
pointer than for the moving scale display. Since Ss were not required

to read aloud the three digit number in the second part of the experiment,
there is no way to extricate reading errors from memory errors. The
results of Parts 1 and 3 provide an estimate of reading accuracy, but

as mentioned, differences might exist between the reading tasks in those
parts and in Part 2 of the expeciment.

With respect to the memory differences between the displays it is
interesting that the digital counter, which is the easiest to read,
resulted in the best recall. This result weighs against any hypothesis
that suggests that the more effort required to perform a task, in this
case reading the display, the better the recall associated with that task.
A more feasible explanation of the superiority of performance with the
digital counter is that Ss were able to read the display and rehearse
the reading within the alloted 1.5 sec, while with the other two displays,
they needed the entire time just to read the number.

Of greater interest, however, are the differences in the size of
errors obtained on the moving pointer and moving scale displays. From

Table 2 it is clear that Ss made more V, errors with the moving scale

2
than with the moving pointer. These are errors in which only the first
digit was incorrect. If the pointer on the moving pointer display is on
the left-hand side of the display, the reading must be in the two hundreds,

and in the one hundreds if the pointer is on the right-hand side. No
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such positional information is available with the moving scale display, If
Ss were able to retain even the crudest position information with the
moving pointer display, they would be less likely to make an error on the
first digit. The data suggest that this indeed happened. However, more
pertinent to the question of spatial information, are the numbers of medium
and large errors. Suppose, that with the moving pointer S tries to remember
the approximatc nosition of the pointer as well as the exact reading on

the display. If S forgets the reading but is still able to retrieve some
pointer position information, then his error should be smaller than if

he had no such information. The class S of small errors probably results
from: a) Reading errors, where the number read is correctly recalled and
b) Errors where verbal recall is almost perfect and only the last digit is
missed. The class M of medium errors probably contains few reading errors,
but consists of those errurs where more of the verbal memory has been lost
and the middle or "tens" digit is incorrect. The class L, of large errors
is primarily composed of errors where verbal recall is poor. Naturally
there were occasions on which S when having neither verbal nor spatial
information guessed the number and his response was either correct or fell
into categories S or M. When there is no memory for spatial information
available, there is no reason to expect that for any of the displays, these
guesses should fall more often into one category than into another.

However, it has been suggested that there is spatial or positional infor-

mation present in the moving pointer display but not in the moving scale display,

and support for this is forthcoming from the number of V, errors made with

2

the two different displays. If indeed spatial information is available, then
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it might be expected that when S has imperfect verbal memory of the three
digit number he is able to utilize the information in his spatial memory
to make a more ‘accurate recall attempt. If Ss were able to retain spatial
information, such as in which quadrant of the display the pointer was located,
then when verbal memory for the number was imperfect, and they guessed
using the spatial information, their error should be +25 units, i.e., in
the M category. Figure 4 shows quite clearly that more M errors were ob-
tained under the hoving pointer than under the moving scale conditions and
the difference in this respect was confirmed by the significant main effect
in the analysis of variance.

This experiment has demonstrated that there are differences in short-
term memory for readings from among the various displays. Although in a
real world situation a person would be unlikely to read aloud from a display,
care must be taken in the interpretation of these differences due to the
fact that reading and memory erroré were partially confounded, since there
was no way to ascertain whether S had correctly read the display. The
hypothesis that there is spatial information present in the moving pointer
display which § can attempt to remember, received support from the analysis
of the error data.

While this experiment did not attempt to evaluate check-reading
performance, it certainly provides some pertinent information. There is
a large element of memory involved in check-reading as the operator perio-
dically views the display *o ascertain whether thie indicated values are
normal or have changed. Here he must remember the previous value in order

to make a comparison. Precision of the type demanded in the present study

e
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is not usually required; more often just a rough estimate is sufficient.
It has been demonstrated that pointer position can be encoded and retained
in short-term memory. This then suggests that for check-reading, moving
pointer displays would result in the best performance since the pointer
position can be ascertained rapidly and recalled adequately.

Experiment III was designed to follow up some of the theoretical

points that had been raised by the results of this experiment and also to

try and separate reading and memory errors which were confounded in this

experiment.
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CHAPTER V

EXPERIMENT III

Introduction

In the Browr -Peterson paradigm the interpolated activity serves to
occupy S's capacity so that little if any is available for rehearsal of
the "to-be-remembered item." The interpolated activity also provides
a source of retroactive interference. Thus one might expect that in
this experiment a4n interpolated task requiring the use of numbers,
e.g., counting backwards by three's, would result in inferior recall
from all displays, than that obtained with the interpolated task of
reciting the alphabet backwards. The numbers that would be processed
in the course of performing the interpolated activity would retroactively

interfere with memory for the number read off the display. In general,

e

the more similar the interpolated activity is to the material which must

be remembered, the more interference (Brown, 1958; Corman and Wickens,

- TR Y

1968; Dale and Gregory, 1966).

f In Experiment II some evidence was found for the use of spatial

information and this suggested that spatial short-term memory was involved.

. T

There is experimental evidence for the existence of spatial as well as

verbal short-term memory (Brooks, 1968; Margrain, 1967) and some of the

e T

work on visual search suggests that the stimulus representation might be

a pictorial one (Sternberg, 1969). In Experiment II it is reasonable
to suppose that the interpolated activity of reciting the alphabet back-

wards interfered equally with the verbal memory from all displays. However,

29
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it did not interfere to the same degree with spatial memory. In order to
more explicitly demonstrate the usefulness of spatial information in
connection with the moving pointer display, an interpolated task was

designed which it was hoped would interfere selectively with spatial memory.
The chosen task was a modification of one used by Brooks which he had

shown to involve spatial processing. This experiment was designed to pro-
vide an explicit demcnstration of spatial information by comparing performance
under the present interpolated task with performance under a task which

would provide spatial interference. It was also intended to provide

explicit data on the relation between reading and memory errors.

Method
Subjects.--The Ss were 36 male paid volunteers between the ages 18-25
years all having 20-20 vision either corrected or uncorrected.
Apparatus.--The same apparatus was used as in Experiment I.

Stimulus materials.--The same stimulus materials were used as in

Experiment II.

Experimental design.--The Brown-Peterson paradigm was employed in a

between-subjects design in which there were two groups of Ss. For cne
group of 18 Ss the interpolated task was reciting the alphabet backwards
(non-spatial group) and for the other group of 18 Ss it was a task designed
to produce spatial interference (spatial group). In the spatial task a
block letter of the alphabet in outline was projected on the screen. 1In
one corner of the letter there was a black dot together with an arrow

pointing in the direction of an adjacent side of the letter (see Figure 5).
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Fig. 5. A sample of the outline letters used.

Ss were required to start at the spot and proceding in the direction of the
arrow trace out the letter going from corner to corner by using the directions
of the compass. They were instructed to use eight compass directions N, S,

E, W, NE, NW, SE, and SW, and to assume that any diagonal was along the u45°
mark, i.e., NW, NE, SW, or SE. When they arrived at the starting corner

they imagined the letter rotated 90° clockwise about that point and once
again traced out the figure. They continued the sequence of tracing,

rotating, tracing, etc. until the end of the retention interval.

The experimental design was similar to that in Experiment II. S
received 3 blocks of 10 trials each for reading practice, one block for
each display type. The order of the blocks was counterbalanced over Ss.
Following these reading blocks there were 3 memory blocks, one for each
display which were similar to those in Experiment II. Again a Graeco-

Latin Square design was used.
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Procedure.--The instructions to the subjects were similar to those
used in the previous experiment except that Ss were not paid extra for each
correct recall but were paid double the base rate for performing well on
the interpolated activity. At the start of each trial the word '"ready"
was projected on the screen for 1 sec. This warned the Ss that a picture
of the display would follow almost immediately and it also provided them
with a fixation mark. The picture of the display was exposed for 1,5 sec
during which time S read aloud the reading represented on the display,
Immediately after the display disappeared an outline letter of the alphabet
appeared. S performed the appropriate interpolated task according to
which group he had been assigned. For the non-spatial group the letter
was exposed for 2 sec and then followed by the retention interval, For
the spatial group the letter remained throughout the retention interval,
i,e., 2 sec plus the interval. A row of asterisks signalled the end of
the retention interval at which time S had 10 sec in which to recall the
display reading and relax before the start of a new trial. Ss were in-
structed to guess if necessary. E recorded the recall responses. Ss

rested briefly between the various blocks of trials,

Results

The data were analyzed in the same fashion as in the previous experi-
ment except that the reading which S made was taken as the correct reading,
and he was scored correct in recall only if his recall corresponded to

his reading. In this way the retention curves were not contaminated with
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reading errors. The reading errors on the recall trials were scored and

Table 4 shows the percentage of reading errors for both groups. There

TABLE 4

PERCENT READING ERRORS FOR BOTH GROUPS IN EXPERIMENT II1l

Display Type

Moving Scale Moving Pointer Digital Counter
Spatial Group ’ 5.09 8,56 0.0
Non-Spatial Group 8.33 8.33 0.0

is a slight increase in errors when S knows that he must subsequently
recall the reading and this emphasizes the caution which should be main-
tained in interpreting the results from Experiment II., Figure 6a shows

the percent correct recall for each display as a function of retention
interval for the spatial group. Figure 6b shows the same function for

the non-spatial group. Recall performance was best with the digital counter
followed by the moving pointer and the moving scale in that order. The
overall recall performance of the spatial group was superior to that of

the non-spatial group.

The classification of errors on the moving pointer and moving scale
displays for both groups is presented in Table 5. The differences between
the displays on the M and L errors that were demonstrated in Experiment II
are no longer present for the spatial group. Although they are present

for the non-spatial group, the effect is weak. An analysis of variance
M+1/2

M+L+1
variable, The only significant term was the main effect due to retention

was performed on the data with the ratio as the dependent
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TABLE 5

ERROR CLASSIFICATION FOR EXPERIMENT III

Spatial Interpolated Task

Retention Interval (sec)

10 20
MS MP MS MP MS MP
Vl 0 0 2 3 0 0
V2 4 y 5 y 10 3
S 16 8 21 11 14 11
M 9 11 15 19 11 15
L 18 21 23 25 43 37

Non-Spatial Interpolated Task
Retention Interval (sec)

10 20
MS MP MS MP MS MP
0 0

Vl 0 0 l 0

V2 8 6 10 3 8 5
S 5 19 14 23 15 25
M 17 10 16 20 19 23
L 22 13 30 14 45 24
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M+ 1/2

interval [F(2,68) = 3.46, p < 0.05]. Table 6 shows the mean —r——=r=

ratios for each group for the various conditions. Here again in the non-
spatial group, the effect is present but very weak. Figure 7 shows the
number of M and L errors for the moving pointer and moving scale displays for
the two groups.

TABLE 6

M+ 1/2

MEAN T T

RATIOS FOR EXPERIMENT III

Spatial Group

Retention Interval (sec)

5 10 2C
MS MP MS MP MS MP

0.uy 0.47 0.u48 0.u9 0,32 0.42

Non-Spatial Group

Retention Interval (sec)

5 10 20
MS MP MS MP MS MP
0.51 0,49 0.u2 0,54 0.36 0.52
Discussion

A clearer picture of recall performance was obtained by avoiding the
confounding between reading and memory errors. Recall was clearly best

with the digital counter and this appears to be a stable finding. From
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Fig. 7. The numbers of medium and large errors with the moving pointer
and moving scale display at each of the three retention intervals
under both interpolated task conditions.

Experiment I and the results of other researchers it is known that the

digital counter may be read faster and with greater accuracy than either

the moving pointer or the moving scale displays. A possible explanation

of thz superiority in recall of readings from the digital counter is that

Ss read off the number so quickly, that before commencement of the interpolated
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activity there was time available in which they were able to rehearse the
reading and th;s resulted in better recall. One method to “est this would
be to measure response and reading times for the various displays and then
use these times as the exposure durations in a Brown-Peterson paradigm.

If indeed this facllity of reading hypothesis is true, then this procedure
should abolish the differences in recall performance between the displays.
The recall performance difference between the moving pointer and moving
scale displays cannot be accounted for by this hypothesis. For both groups
recall using the moving pointer display tended to be better +than recall
using the moving scale display while the reverse ordering was obtained

for reading performance. This difference may be due to the presence of
spatial information. If S remembered on which side of the display the
pointer was located, then he had only to recall frcm verbal memory the

last two digits of the reading. In this way he might be able to augment
his performance by using his spatial memory. This recall difference be-
tween the two displays was larger for the non-spatial than for the spatial
group in which there was spatial interference from the interpolated activity.
This provides further support for the hypothesis that spatial information
was being utilized in recalling tae display reading since interference with
spatial memory reduced the difference between the displavs.

The error da.a, although weak, similarly support the spatial memory
hypothesis. The interesting question is why the spatial effect in the
non-spatial interference group was much weaker than that ov:ained in
Experiment II? Lxperiment IV was designed to answer this question and

to provide further evidence for the spatial memory hypothesis.



CHAPTER VI

EXPERIMENT IV

Introduction

There were two major differences between the procedure in Experiment III
and that in Experiment II. Firstly, Ss received much more display reading
practice in Experiment II and hence were more familiar with the displays
and their distinctive properties. Some Ss even reported that half-way
through Experiment III they suddenly realized that they could aid their
recall in the moving pointer condition by remembering the position of the
pointer on the face of the display. The second difference between the
two experiments was that in Experiment III S read aloud the display reading
before starting the interpolated activity while in Experiment II he read
the number to himself. This procedure in Experimer*+ III served to extri-
cate reading from memory errors but may also have put greater emphasis
on verbal encoding than on spatial encoding.

The present experiment used a within-subjects design to partially
replicate Experiment II. Two different interpolated activities were used
to try and provide further evidence regarding the use of spatial infor-

mation with the moving pointer display.

Method
Subjects.--The Ss were 12 male paid volunteers between the ages
18-25 years all having 20/20 vision either corrected or uncorrected.

Apparatus.--The apparatus was the same as that used in the previous

experiments.

39
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Stimulus materials.--The same stimulus materials were used as in

Experiment II.

Experimental design.--A two-part within-subjects design was usedi;

the two parts differed only in using differeat interpolated tasks. In
Part 1 S received three blocks of reading trials, one for each display type;
the displays were individually exposed for 1.5 sec. These reading trials
were followed by.three blocks of trials in a varied retention interval
Brown-Peterson paradigm, one block for each type¢: of display. The inter-
polated task used was reciting the alphabet backwards. The detailed
composition and timing of these memory trials was exactly the same as
those in Experiment III. The design of Part 2 of this evperiment was the
same as that of Part 1, consisting of both reading and memory trials;
however, the interpolated task was the spatial one of tracing out an
alphabet letter, described previously in greater detail. Each S was run
first on Part 1 and then on Part 2. All Ss served in all conditionms;

the same stimulus setz in the same orders w:re used in both parts. A
Graeco-Latin Square was used to counterbalance the order of presentation
of blocks over Ss.

Procedure.--The instructions were identical to those used in
Experiment II in that accuracy was stressed and Ss were given extra pay
for each correct recall. The format of the reading trials was the same
as in Experiment II and the format of the recall trials was the same as
those in Experiment III., In the recall trials after the word "ready", a

picture of the display appeared for 1.5 sec during which time S read the
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number represented on the display to himself. Immediately after the
display disappeared a letter of the alphabet appeared and S began the
appropriate inferpolated activity. The letter stayed on the screen for
either 2 sec (non-spatial task) or throughout the retention interval
(spatial task) depending upon which interpolated task S was performing at
the time. When the row of asterisks appeared S attempted to recall the
reading. E monitored the interpolated activity and recorded recall res-

ponses. S rested briefly between blocks of trials.

Results

The data were analyzed in the same way as in Experiment II. Figures
8a and 8b show the percent correct recall for each display as a function of
retention interval for the non-spatial and spatial tasks respectively.
dere again, as in Experiment II, the recall data were contaminated with
reading errors. Despite a couple of errant data points the generally
obtained ordering of digital, moving pointer, moving scale appears to
hold up reasonably well.

Table 7 shows the classification of errors on the moving pointer
and moving scale displays under both interpolated task conditions. The
spatiai effect obtained in Experiment II where there were many more M
errors than L errors on the moving pointer scale is once again evident
with the non-spatial interpclated task. This effect has been considerably
lessened, if not abolished with the spatial interpolated task.

An analysis of variance performed on the data with the proportion

-EETIfléET as the dependent variable yielded significant main effects due
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TABLE 7

ERROR CLASSIFICATION FOR EXPERIMENT 1V

Non-Spatial Interpolated Task

Retention Interval (sec)

10 20
MS MP MS MP MS MP
0 6 1 1 0 0
6 3 6 1 7 1
11 19 18 138 20 17
14 14 8 27 6 15
17 7 23 g 27 12
Spatial Intarpolated Task
retention Interval (sec)
10 20
MS MP MS MP MS MP
0 0 0 - 0 1
6 2 9 1 6 0
10 16 12 12 17 16
8 8 8 13 10 10
7 6 18 9 20 19
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to display type [F = 12.44, df = (1,11), p < 0.01] and retention iuterval

[F = 6.74, df = (2,22), p < 0.01].

M+ 1/2

Table 8 —_—
able shows the mean T+ L+ 1

ratios for the moving pointer and

moving scale displays at different retention intervals with different inter-

M+ 1/2

polated activities. While the M i1

ratios for the moving scale increased

TABLE 8

M+ 1/2

MEAN ¥ T+ T

RATIOS FOR EXPERIMENT IV

Retention Intervals (sec)

MS MP MS MP MS MP

Non-Spatial , ,¢ 0.61 0.32 0.67 0.26 0.53
Task

Spatial 0.50 0.50 0.38 0.55 0.40 0.39
Task

when S performed recall under the spatial interpolated activity condition,
the ratios fcr the moving pointer decreased. In the analysis of variance
the first order interaction Dials x Interpolated tasks was also significant
(F(1,11) = 16.10, p < 0.01). There were no other significant effects.

Figure 9 shows M and L errors for the displays at each retention interval
with each interpolated activity. The spatial effect overwhelmingly
present with the non-spatial interpclated activity has been virtually

abolished by the spatial interpolated activity,
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50— S seconds 5o~ 10 seconds 50— 20 secorids
a0l a0 40}
30 30 30
L 20} 20} 20
S | '] I L |
5 10 10 1o ll
u °“Ms M % Ms MP  ° Ms wMmP
. NON-SPATIAL INTERPOLATED TASK
§ 50— 50 50 —
S 40| a0 a0
2
301 30} 30t
201 20 20
| Of- L 10} IJ o] J l J]
wms—Mp % mMs wmp % Ms MmP
SPATIAL INTERPOLATED TASK
MS: Moving Scale . Medium Errors
MP: Moving Pointer C— Laorge Errors

Fig. 9. The numbers of medium and large errors made with the moving pointer
and moving scale display at each of the three retention intervals
under both interpolated task conditions.

Discussion

The large spatial effect obtained and its subsequent abolition provide

substantial support for the hypothesis that with the moving pointer display

S is able to use the spatial information from pointer position to facilitate
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recall of the display reading. It appears that the spatially interpolated
task was less difficult and required less of S's capacity than the non-
spatial interbolated task, thereby producing overall superior recall
performance. Although superior recall performance by the spatial group
was also obtained in Experiment III, it should be noted that the arder

in which S performed the parts of this experiment was not counterbalanced
over S, i.e., all Ss performed first under the non-spatial condition and
secondly under the spatial condition. Thus there is a confounding with
practice, although it seems unlikely that this serious’y affects the
conclusions that may be drawn.

In the present experiment improved recall performance tended to

M+ 1/2

MIrL+ T ratio. This ratioy reflects the

result in an increased
magnitude of the errors made. As the errors become mainly large errors,
the ratio tends to zero and as the errors become predominately small or
medium errors, the ratio tends to one. Examination of Table 8 shows
that the ratio increased for the moving scAle when S performed first
in the non-spatial interpolated task and then in the spatial interpolated
task. However, the ratio decreased for the moving pointer from the non-
spatial to the spatial task. This decrease together with the increase
for the moving scale dial accounts for the significant interaction (Dials
x Interpolated task) obtained in the analysis of variance.

Unfortunately the recall data from this and previous experiments
was not as clean as hoped and this prevents anything more than speculation

about the time course of spatial information. In speculating, it appears

that spatial memory decays over time more rapidly than the verbal information,



CHAPTER VII

CONCLUSION

It has been demonstrated that the short-term memory for quantitative
information extracted from a visual display is not independent of the
type of display from which it comes., 1In a series of laboratory experi-
ments the obtained ranking of displays in terms of recall performance
was digital counter first, followed by the moving pointer and moving
scale displays in that order; while the ordering in terms of reading
performance was digital counter, followed by moving scale and moving
pointer displays in that order. A hypothesis based on facility of
reading was proposed to account for the overall superiority of recall
for r~eadings from the digital counter. However, this hypothesis does
not account for the obtained ordering of the moving pointer and moving
scale displays. A second hypothesis invoked the use of spatial information
due to pointer position which was present in the moving pointer but not
in the moving scale display to account for these differences. It was
explained how the ase of spatial encoding could augment verbal encoding.
Evidence for this hypothesis was obtained by comparing the error patterns
resulting from the use of each display. When the interpolated activity
between display rresentation and recall was of a nature that interfered
with only the recall of verbal material, different error patterns for
the moving pointer and the moving scale displays were obtained. On the
moving pointer idsplay Ss tended to make a larger number of errors whose

size was < 25 units than of errors whose size was > 25 units., The reverse

47
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was the case for the moving scale display. When, however, the interpolated
activity was one which interfered with recall for spatial as well as

verbal materiai, this difference was either abolished or considerably
lessened.

This series of experiments has shed light on two important points,
First, that the method by which quantitative information is displayed
may affect subsequent human information handling. Second, the nature
of the activitie; between reading a display and subsequent use of the
reading appear to determine the recall of such information., Before the
result of recall dif“erences between displays may be used practically,

a study should be performed that controls for the ease of reading the
various displays. In deciding upon which type of display to use for
particular kinds of information, the designer should give some consider-
ation then, not only to the ease of reading the display, but also to the
factors involving recall of the information read off the display. These
factors include: a) How long the information must be retained, b) The
purpose for which the information is going to be used, and c) The nature
of otier ongoing and interpolated activities between reading the display
and usiig the information. While recall was investigated at only three
different retention intervals the ordering of digital, moving pointer,
and moving scale in descending order of performance, held in general.
However, the difference between the moving pointer and the moving scale
displays tended to lessen at longer retention intervals and it has

already been proposed that memory for non-verbal information might decay

more rapidly than that for verbal information, thereby accounting for
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that trend. One important factor in any consideration of the subscquent
use for the information from a display of the subsequent use for the
information frém a display is the amount and nature of recall error
which can be tolerated. In evaluating a visual display an examination
of the nature of errors should always be undertaken. The ordering based
on recall performance reports only precise accuracy; it does not say any-
thing about the kind of recall errors that one might expect with a
particular display. There are some cases in which large errcors have
higher negative costs associated with them than do small errors. Although
these costs probably lead to more concentration on the part of the
operator and therefore better retention, it might be advisable in such

a case to consider using some form of moving pointer display so that
when an error does occur, it has a good chance of being small, Finally,
when recommending the use of one displa rather than another one should
consider how reading that display fits into the other ongoing activities
of the operator. The importance of considering the nature of the
activities which follow the reading of the display was demonstrated

by the disappearance of error pattern differences between the moving
pointer and moving scale displays when the interpolated activity was
changed. When the interpolated activity was of a spatial nature, the
advantage of the moving pointer was lessened both in terms of precise
recall and in the size of errors in the event of forgetting. Naturally
in recommending the use of one kind of display rather than another,
there are also many other system considerations which should be borne in

mind; such things as the length of scale, control motion relationships, etc,



One u!hod?logtcdl point worthy of mention is that the differences
between the displays In these experiments were obtained under conditions
of tinited ewposure durations, These results aight be considerably
Sifferent If the display ewpesure durations had been longer or S-terninated,
e [Rleyestitg way I8 enieh this preblen nay te appresched would be
19 wee The paradign develaped +y Yatena end Trask (1363) in whieh Yhmy
inratigete £ apllity 1o deey Trach of The 4lates of seversl variakles.
it o Fardtigh cowld 3e adapled Ve isvesiigets Fartrer 12e sature of

The pracesting of (aformiias fron viswal dieglays,



APPENDIX 1
INCTRUCTIONS TO SUWICTS

Lxpe rinent 1

Thia l8 an experinent to atuly the ease and accurdcy with which ene can
read 2 2lal Tace which {2 eagooe? For varying lengihe of tine, AY the start
of eaih Yrial you will 2ee o row of aeteriate; Thie (o 2 varhing Vhay tie
2ial #ill felleow wery adagily, Voo 3%@uld Fleals thie ¢ow a2 Yie 2iad «ill
Mgest ih V@l e sahe poeition ad (his will etabis you Yo real 1 fete
scograiely, e dial «ill stey on Y2e sifeen For o Fiesd lengit of Viom,

Tere ate Ywd 2[FTorett 2lal Tates 453 o atall Yool el a1 Ibyus
SiTTerent eoponore Swratione, hye Thete «ii) Se aie Jiase of Yriale is
all, s lengih of 1inm For onich T2 Sia: faie (o Sieplayed oill ronais
e aane V8L eath Slak of Yrisls Put will chatygs From Slate Yo Blaos,
After Yom Zial appmares your Task (o 1o read off 10s X2igit munber waien
ie 65 s Siel fats, Tow vill bave Aout & st (b which Yo 20 Thie emd
relas before o riw of avteriods will onte again apgear sigualling 15
stert of o nev trial on which o rew dial will appear. You shoulsd always
1y aad speak the Jial reating lowdly and clearly eo that | can hesr you
vla Uit twd-wa) spedher syeten,

The renge & 1l élals s from 100-300. Mefore you read a nev king
of dial | shall project o sample of it g0 that you can faml larize yourcelf
with it, On each block of trials there will be elght practice trials to
vhich you should respond as usual. After these elght ve shall start In
proper. You will earn extra pay for each correct reading that you make

and you will lose credit for each error you make, so please try and be as

Sl
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accurate as possible, Remember hefore each trial to fixate the row of
asterishs, Please do not move the chalr during the experiment} ! should
Live your eyes to remain a constent distance fron thé screen If possible,
Fleass naks a2 responee of sach trial oven If you have to guses one of the
three Jigite, anl alvays nade the beat guess possible = whis wil) relp your
state, LAF the (fags ie ever Tussy or @il of farys glaass ts)l) ne,

henwhpet Ths boy THiGE (A Thie cagerimmat lo APOWFAty, 2By et ioss?
Ragerineny 1}

et are (Nres faris %o This eoperinmt, | stdil redd you ihe in
FIrectiote 19 edih part separaisiy. After { heve pedd 39y e isetrect ione
Tor 1he Firet part we adall s 1501 frt, Whes yoy bave finieted a0
gt | ehall read yow Tis (matrwctions for (e second gart ohich ws atall
et run, otd Finelly § enall read you the {satractions for the thim
fart and we %all ras 1Rat,

Firet part instructions.==This part of the eagerinent (e to stuly the

avouracy with which one can read o dial fate which Is Lriefly enposed,

At the start of each trial you vill see o row of asteriske; this is
a varning that the plcture of the dial will follov almost immediately,
You should fixate this rov es the dial will appear In atout the sare
rosition and this will enable you to read it more accuretely. The dlal
will stay on the screen for 1.9 sec, After the dlal appears your task
{s to read off the 3-digit rumber which is on the dial face. You will
have about 10 sec in which to do this and relax before a rovw of asterisks
w!ll once again appear signalling the start of a new trial on which a new
Jial will appear. You should always try and speak the dial reading loudly

and clearly so that I can hear you via the two-way speaker system.
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There are three different dlal faces which we shall test, constituting
three blocks of triale., Pefore you vread 2 new kind of dial | shall profe;:
2 2anple of {1 a0 that yow can Tanillarise youresil with i1, The rasge of
ad} 2iale i& Fron 100:200, Om each Liece of Yriale Yhere will be sight
Praciies trials 19 ohich you shaw.d reagaml av wWisai. Afler Tiwse eighl
we 2tall tegin e Yeal 2erisa, Fos wili sarh colpr fap For eaih (opypety
tealing 1221 g Pate atid Jou il (one crsdil Tor eaih epyar gFing hate,
+6 flesee 10y sl Ie a2 aidwratls b jenaitis, Pelwhber Jefops sais TFjal
% fisnle 1 ¢ oF avteriara, Fissse 23 6@t Mows (i Salr dering The
et inmnd ae | dtonld Live your efee 18 retais o toalan Jietatis Tyom
e aigeen [ povail s, Flasts sate » reagimae or &aih trial ewes {f yoy
Sa¥s 10 gusae onts of 1he Thges ${gita, 52 slwaye Nats 1ts beal gusae
poseitie = Ihle will Belp your score, [f The (fags (2 sver Tussy or ol
ef terwe o1 amy Yime Surieg 1he coporinest plesses 1ol] ne atl | 28all
refocwe (1. Pamenber the bey hing iz Ihie copurinent (e acowrary, &ay

Questions?

Instruct {ons to the secomd part.==This part of the ssperiment {a (O

study hov well one can renender readings from different dlal faces when
doing sonething else,

At the start of each trial you will see the vord “ready”™ projected on
the screen; “his is & varning that a plcture of the ¢ial will follow almont
ismediately. You should fixate the word "ready"™ because the dial will
appear in about the same position on the screen and this will help you
to read {t correctly. The dial will stay on the screen for 1,5 sec.
Immediately after the dial disappears a letter of the alphabet will appear.

Your task then i{s to begin immediately to recite the alphabet backwards
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loudly and clearly, starting with the letter that you see (e.g., If you
see the letler )i you should say M, G, P, £, etc.), If you come to the
beginning of the alphatel youy ahould g0 10 the end and siart reciting Lach-
warle again le.g.y I you ssc (he lotler b you should aey 0, A, B, ¥, ¥, otc.),
Torg ahamgld Toy afd 42 Thie 33 aZourdiely aad o ol as possible and etauls
At ibee reciling 1he alptatel 8U{]l 5oy sse & Fiw of asteriada o Wies
1ihe o ahowld recall the reading From the 3ial Faze, 1V is elsn imporuesy
Yo pecatl The Jiai readisg ea scourelely 40 powéitils, VTow will cirs estra
pay (OF exih ioreect redall THAT e fabe Wl FBu will lote pay For eser
stvor, AfVsr Ths pow of seleriadas kit cone ob yow sill tave 10 sez is wrien
19 rezall e Jial reading sad relas tefore the ward “reals™ conss on eagais
eigralling 1ae alart of o sow trial o6 Which 3 paw il faie a2l 4 pow
istler of the alphalel will apiear. Tou ehould aleays ry end apesd tre
dial reating lowtly amd clearly o0 that | @an bodr you via the twosway
apearer ayslen,

There are onces again, three different diel faces, so there will be
three Slocke of trials., 1 shall be testing hov well you remesder the dlal
readings after three different lengths of time, Sometimes you will recite
the alphadet for 5 sec before recalling the dial reading; sometimes 10 sec
and sometimes 20 sec. This time will be varied from trial to trial. The
range on all the dials {s from 100-300. You will have noticed that on
the "clock-face" dial the scale is fixed while the pointer moves round,
so that when the pointer is on the right-hand side of the dial the
reading must be between 100 and 199. With the "bathroom scales' the

pointer stays fixed and the scale moves past the open window. You can
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alvays tse tvo nunbers and the numbers increase from left to right, You
will have realised that the digival counter unlibe the cther dlals gives
you the Finel Jigit of t.s }=digit munter dirsctiy.

W each Liage of Yrisle we oball have Two praciice Triale a53 Thep we
ahall Yegin e Yeat aerics, Defose eais $iscr oF triaie § ssall edow
you o vahfls of i Yy pe oF Fial hied e atall be ol ok Bhat Blach
of triale, Fledse tade o recall teaginee ob a3l Trial eves If oy Savs
1o gwes one of Ths thres 2igite, atid aivare Nate Yhe Jmal Eywes fodeilje =
this will relp your stors. tememter The bey Thisg 2 omie sgalt atouracy,
1t fo wery inporian 19 recite Ihe alphaltel 46 Facy av YO cads o1t
nek ing mistares,

Instructions 1o the thimd pari.==Thie part (o eseentialiy %= sane ae

the first part in thet you vill see 3 rov of asterishke and then o dial face
which you must read as accurately as possibile, W¥e ahall have hree short

blocks of trials, one for each type of dlal vith rno practice triale,

Cxperiment 111 (Spatial Group)

There are tvwo parts to this experiment and you will read the instructions
to each part separately and then do that part.

Instructions to the first part.--At the start of each trial you will

see a row of asterisks projected on the screen in front of you; this is
a warning that a picture of a dial will follow almost immediately. You
should fixate this row as the dial will appear in about the same position
and this will enable you to read it more accurately. The dial will stay
on the screen for 1.5 sec. After the dial appears your task is to read

aloud the 3-digit number which is on the dial face (I.e,, the dial reading).
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You will have about 10 sec to do this and relan before & rov of asterisks
“ill once again appear signalling the stary of & new trial on which a new
dial wli) appear, You enould always try aad spead the dial reading lovidly
st clearly 3t Thal | cad hsarr you vis the (worway spedber sysien {5 (W corser,

There ate Ihres 2irferent dial Feces whizh we 92all test, comstituting
Ihres Blacke of trisle, before you read ¢ esw bied of 2ial | sall preject
3 salgle 87 (U a8 TRt yaw cad TaRlliarise youreslf wits (1, The ringe o
all the 2iale fo bron 120:300, O esch Blech of triale there will Se twe
practice triale o whieh you should resposd o uwhudl, After thsse two we
atall tegin the tsal zeries which will concist of eight further triale, You
will earn extra pay for eath corvect reading that you make and you will lose
pay for cach error, &0 pleate try and beo a8 atourete as possible. At the entd
of each bLlock 1 shall vell you how well you did on those trials. Remenber
before each trial te finate the rovw of asterisks, Please do not move the
chair during the experiment as 1 should llke your eyes to remain a constant
distance from the screen throughout the experiment If possible. This means
that you should adopt an upright sitting position and try and keep that
vay during the experiment,

Please make a response on each trial even if you have to guess one or
more of the digits, and always make the best guess possible as this will help
your score, If the image is ever very fuzzy or grossly out of focus at any
time during the experiment please tell me and I shall refocus it. Remember
that the key thing in this experiment is accuracy. Any questions?

Instructions to the second part.--At the start of each trial you will

see the word "ready" projected on the screen; this is a warning that a
picture of a dial will appear in about the same position on the screen

and this will help you to read it correctly. The dial will stay on the
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screen for 1.9 sec and once again you should read aloud the 3-digit nuaber
on the dlal face. You should try and do this s fast and as accurately

#s possible becavse inmediately after the dial disappears a letler of 1he
alphatet will appear. This will te an outlise lelter and at one of the
coresrs there will be 2 Blach spot! a8d o8 arvow poisting is the direction
of ab adjecent 2ide of "he jelter, Wl The (sller comss o pouf (aed

is 1o locete the spot, sote the direction of ke arvow atd thes you should
trace oul alowd The letter, starting at the :orser where the spot (s and
going in t1he direction of the arvow., You shoyld trace oyl the leller goisg
from coreer 10 coresr by ueleg directions of the conpass. Tou eboull wee
eight compass directions in 2kl 8, €, [, ¥, 8%, 8L, S¥, and SL, Assume
that any dlagonal you neet is slong the «1° nare (i.e,, W, 8T, S¥, or SI),
Here is on exanple, If you see this letler you should seay aloud: &, [,
SC, B, L, 5, ¥, W, G, and ¥,

nw ne

SW Se
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When you arvive bachk at the corner at which you started, you should rotate

the figure 90° clochwise about that point and once again trace out the figure.

Thua with the alove letier you should then say: [, 6§, SV, L, §, ¥, N, NE,
¥ oand 8, Vhen you Finieh this rotave the figure a further 90° clochwise
ahd Vary again,

You shaald start tracing et the levier (mediately after you have read
the Jial a8l 20 thie a0 acourstely and 48 fast as possible, If you follow
thees smm~1m§. foo.y 281 righy in d 20 o6 well a6 you ¢l O the
tracieg you ill doekle your pay for this part of the eperinent, You sdeuid
contipus the patlers of tracing eut, rolating, trecisg out, etc, wmtil you
see 2 row of ssterishe At vhioh tine you choyld try a8d retall slodd the
reating fron the dial face. After "he row of asterishs kas com oo you
will have 10 ser n vhich to recall he diel reaticg end relax tefore the
word “ready”™ comes on agein signalling the start of & eew trial on which o
nev disl reading and o nev letter of the alphadbet vill oppear. You should
alvays speak loudly and clearly so that | can hear you via the speaker system.

There are once again three different ¢ial faces, so there will be
3 blocks of trials., 1 shall be asking you to recall the dial readings
after three different lengths of time. Sometimes you will trace out the
letter for S sec before recalling the dial rcading; sometimes 10 sec
and sometimes 20 sec. This time will be varied from trial to trial,

The range on all dials is from 100-300. You will have noticed that on the
“clock-face" dial the scale {s fixed while the pointer moves round, so that

when the pointer {s on the right-hand side of the dial the reading must be

between 100 and 199, With the "bathroom scales” the pointer stays fixed
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and the scale mover past the open window, You can always see two numbers and
the nusbers increase from left to right, You will have realized that unlike
the other two dials the digital counter gives you the final digit of the
d-digit nusber directly.

On each Llochk of trials we shall have two prectice trials and then ve
shall begin the test aerisa, Mbefore each hlotk of trials | shall shov you
# sanple of the typs of dia) which we shal) be uslng on that hlochk of trials,
Fisase nate o recall resposse on each trial and within 1he )0 sec periond
allotted, v does pot nattesr (f you find that you Rave 1o guess ofe Or even
a1l of the three digite = just nabe the best gusss thal you can., Unlidre
in the first gart of the eaparinest | shall st be telling you at the end of
eadh Dloth how well you have Jomc oo 12at blozh, Kewenber the bey thing ie
Onte AgAIR atouwrety. Try your lest to trete the letter out as fasl as you
can without naking nistares, Any questions? One thirg to renenber also
is that | ehould Like you to heep your eyes on the soreen at all tines
epecially vhen you are tracing out the letter 50 thel you atop #ad recall

the ¢ial reading as soon as the asterishks come o5, OF?

Instructions to inent 111 -Soatial )

There are twvo parts to this experinent end you vill read the (nstructions
to each part separately and then do that part.

Instructions to the first part.--At the start of each triel you will
see & rov of asterisks projected on the screen in front of youi this is a
varning that A picture of a dial vil] follov alnost immediately. You
should fixate this row as the dial vill appear in about the same position

ind this will enable you to read it more accuretely. The ¢lal will stay on



the screen for 1.5 sec, ATter the dial appears your tash s to read alowd
the J-digit nunber which is on the dlal face (i.e., the dial reading). You
will have about 10 sec to 4o this and relax tefore ¢ rov of asterisks will
once agaln appear signalling the start of 4 rev trial on which a nev dial
will appear. You thould always try snd spesk the dial resding loudly and
clearly so that 1 cen hear you vie the two-vay spesker systen in the corver.

There are three different dlal faces which we shall test, conatituting
three blocks of ;rlals. Before you read a nev kind of dial 1 ehall project
a sample of it so that you can familisrize yourself with it. The range on
all the dlals is from 100-300. On eath block of trials there will be two
practice trials to which you should respond as usual. After these tvwo we
shall begin the test serlies which will consist of eight further trials.

You will earn extra pay for each correct reading that you meke and you
will lose pay for each error, so please try and be as accurete as possidle.
At the end of each block 1 shall tell you how well you did on those trials.
Remember defore each trisl to fimate the row of asterisks. Please do not
move the chair during the experiment as ! should like your eyes to remsin
a constant distance from the screen throughout the experiment if possible.
This means that you should adopt an upright sitting position and try and
keep that way during the experisent.

Please make a response on each triel even if you have to guess on¢ or
more of the digits, and alvays make the best guess possible as this will help
your score. If the image i{s ever very fuzzy or grossly out of tocus at any
time during the experiment please tell me and I shall refocus it. Remember

that the key thing in this experiment is accurecy. Any questions?
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Instructinng to the second part.--At the start of each trial you will

see the vord “ready™ projected on the screeni this Is a varning that a picture
of & dlal »il) appear almost [mmediately. You should fixate the word "ready"
tecause the dlal will appear In about the same position and this will help
you to read it correctly. The dlal will stay on the screen for 1.5 sec and
once again you should read al~d the d-digit nuaber on the dial face. You
should try and ¢o this as fect and as accurately as possidble because immediately
after the dial disdppears & letter of the alphadbet will appear. The letter
will stay on the screen for 2 sec, Your task then Is to begin immediately

to recite the alphadet backwards loudly and clearly, starting with the letter
that you see. So for example, i? you see the letter H you should say:

W, G, T, L, etc. If you come to the beginning of the alphabet you should go
to the end and starting reciting backwards again (e.g., If you see the letter
B you should say: B, A, 2, Y, X, etc.). You should start réciting the
alphabet backwards as soon as you have read the dial face and you should

try and do this as fast and as accurately as possible. You will receive
extra pay if you follow these instructions and you can double your pay for
this part of the experiment {f you do this well and set right in reciting

as fast and as accurately as you can, You should continue reciting the
alphabet until you see a row of asterisks at which time you should try

and recall aloud the reading from the dial face. After the row of asterisks
has coms on you will have 10 sec in which to recall the dial reading and
relax before the word "ready" comes on again signalling the start of a

new trial on which a new dial reading and a new letter of the alphabet

will appear. You should always speak loudly and clearly so that I can

hear you via the speaker system,
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There are once again three different dial faces, so there will be three
blocks of trials. .I shall be asking you to recall the dial readings after
three different lengths of time. Sometimes you will trace out the letter
for 5 sec before recalling the dial reading; sometimes 10 sec and sometimes
20 sec, This time will be varied from trial to trial. The range on all
dials is from 100-300. You will have noticed that on the "clock-face"
dial the scale is fixed while the pointer moves round, so that when the
pointer is on the right-hand side of the dial the reading must be between
100 and 199. With the "bathroom scales" the pcinter stays fixed and the
scale moves past the open window. You can always see two numbers and the
numbers increase from left to right. You will have realized that unlike
the other two dials the digital counter gives you the final digit of the
3-digit number directly.

On each block of trials we shall have two practice trials and then we
shall begin the test series., Before each block of trials I shall show you
a sample of the type of dial which we shall be using on that block of trials.
Please make a recall response on each trial and within the 10 sec period
allotted., It does not matter if you find that you have to guess one or
even all of the three digits--just make the best guess that you can.,

Unlike in the first part of the experiment I shall not be telling you at
the end of each block how well you have done on that block. Remember the
key thing is once again accuracy. Try your best to trace the letter out
as fast as you can without making mistakes. Any questions? One thing is
to remember also is that I should like you to keep your eyes on the screen
at all times especially when you are tracing out the letter so that you

stop and recall the dial reading as soon as the asterisks come on., 0K?
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Experiment IV: Part 1

There are two parts to this experiment; you will read the instructions
to each part separately and then do that part.

Instructions to the first part.--This part of the experiment is to

study the accuracy with which one can read a dial face which is briefly
eXposed.,

At the start of each trial you will see a row of asterisks; this is a
warning that a picture of a dial will follow almost immediately. You
should fixate this row as the dial will appear in about the same position
and this will enable you to read it more accurately. The dial will stay
on the screen for 1.5 sec. After the dial appears your task is to read
off the 3-digit number which is on the dial face. You will have about
10 sec in which to do this and relax before a row of asterisks will once
again appear signalling the start of a new trial on which a new dial will
appear. You should always try and speak the dial reading loudly and
clearly so that I can hear you via the two-way speaker system,

There are three different dial faces which we shall test, constituting
three blocks of trials. Before you read a new kind of dial I shall project a
sample of it so that you may familiarize yourself with it. The range on all
dials is from 100-300. On each block of trials there will be eight practice
trials to which you should respond as usual. After these eight we shall
begin the test seriés. You will earn extra pay for each correct reading
that you make and you will lose credit for each error that you make, so
please try and be as accurate as possible, Remember before each trial to

fixate the row of asterisks, Please do not move the chair during the
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experiment as I should like your eyes to remain a constant distance from
the screen if possible, This means that you should adopt an upright position
and try and keep that way during the experiment,

Please make a response on each trial even if you have to guess one
or more of the three digits, and always make the best guess possible as
this will help your score. If the image is ever fuzzy or grossly out of
focus at any time during the expeiriment please tell me and I shall refocus
it, Remember thé key thing in this experiment is accuracy. Any questions?

Instructions to the second part.--This part or the experiment is to

study how well one can remember readings from different dial faces when
doing something else,

At the start of each trial you will see the word "ready" projected on
the screen; this is a warning that a picture of a dial will follow almost
immediately. You should fixate the word "ready'" because the dial will
appear in about the same position and this will help you to read it correctly.
The dial will stay on the screen for 1.5 sec., Immediately after the dial
disappears a letter of the alphabet will appear. Your task then is to
begin immediately to recite the alphabet backwards loudly and clearly,
starting with the letter that you see (e.g., If you see the letter H you
should say: H, G, F, E, etc.). 1f you come to the beginning of the alphabet
you should go to the end and start reciting backwards again (e.g., If you
see the letter B you should say: B, A, Z, Y, X, etc.). You should try and
do this as fast and as accurately as possible and should continue reciting
the alphabet until you see a row of asterisks at which time you should

recall the dial reading as accurately as possible. You will earn extra pay
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for each correct recall that you make and you will lose pay for each error.
After the row of asterisks has come on you will have 10 sec in which to
recall the dial reading and relax before the word "ready" comes on again
signalling the start of a new trial on which a new dial face and a new
letter of the alphabet will appear. If you want to change your mind about
the number which you recall you may do so within the 10 sec and I shall
accept the last number that you give to me. You should always try and
speak the dial féading and alphabet loudly and clearl, so that I can hear
you via the two-way speaker system,

There are once again three different dial faces, so there will be
three different blocks of trials. I shall be testing how well you remember
the dial readings after three different lengths of time, Sometimes you
will recite the alphabet for 5 sec before recalling the dial reading; some-
times for 10 sec and sometimes 20 sec. This time will be varied from trial
to trial. The range on all dials is from 100-300. You will have noticed
that on the clock-face dial the scale is fixed while the pointer moves round,
so that when the pointer is on the right-hand side of the dial the reading
must be between 100 and 199, With the "bathroom scales'" the pointer stays
fixed and the scale moves past the open window. You can always see two
numbers and the numbers increase from left to right. You will have realized
that the digital counter unlike the other two dials gives you the final
digit of the 3-digit number directly.

On each block of trials we shall have two practice trials and then we
shall begin the test series, Before each block of trials I shall show you

a sample of the type of dial we shall be using on that block of trials.,
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Please make a recall response on each trial even if you have to guess one of
the three digits; and always make the best guess possible--this will help
your score,

Remember the key thing is once again accuracy.. It.is very important
to recite the alphabet as fast as you can without making mistakes. Any

questions?

Experiment IV: Part 2

There are two parts to this experiment; you will read the instructions
to each part separately and then do that part,

Instructions to the first part.--This part of the experiment is to study

the accuracy with which one can read a dial face which is briefly exposed,
At the start of each trial you will see a row of asterisks; this is
a warning that a picture of a dial will follow almost immediately., You
should fixate this row as the dial will appear in about the same position
and this will enable you to read it more accurately. The dial will stay
on the screen for 1.5 sec, After the dial appears your task is to read
off the 3-digit number which is on the dial face. You will have about
10 sec in which to do this and relax before a row of asterisks will once
again appear signalling the start of a new trial on which a new dial will
appear. You should always try and speak the dial reading loudly and clearly
so that I can hear you via the two-way speaker system,
There are three different dial faces which we shall test, constituting
three blocks of trials. Before you read a new kind of dial I shall project a

sample of it so that you may familiarize yourself with it, The range on
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all dials is from 100-300. On each block of trials there will be eight
practice trials to which you should respond as usual., After these eight

we shall begin ‘the test series. You will earn extra pay for each correct
reading that you make and you will lose credit for each error that you make,
so please try and be as accurate as possible. Remember before each trial

to fixate the row of asterisks., Please do not move the chair during the
experiment as I should like your eyes to remain a constant distance from

the screen if poséible. This means that you should adopt an upright sitting
position and try and keep that way during the experiment.

Please make a response on each trial even if you have to guess one or
more of the three digits; and always make the best guess possible as this
will help your score, If the image is ever fuzzy or grossly out of focus
at any time during the experiment please tell me and I shall refocus it.
Remember the key thing in this experiment is accuracy. Any questions?

Instructions to the second part.--At the start of each trial you will

see the word 'ready'" projected on the screen; this is a warning that a
picture of the dial will appear almost immediately. You should fixate the
word '"ready" because the dial will appear in about the same position on the
screen and this will help you to read it correctly. The dial will stay on
the screen for 1.5 sec. Immediately after the dial disappears a letter

of the alphabet will appear. This will be an outline letter and at one

of the corners there will be a black dot and an arrow pointing in the
direction of an adjacent side of the letter. When the letter comes on your
task is to locate the spot, note the direction of the arrow and then you

should trace out aloud the letter, starting at the corner where the spot is
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and going in the direction of the arrow. You should trace out the letter
going from corner to corner by using directions of the compass. You should
use eight comﬁass directions in all; N, S, E, W, NW, NE, SW, and SE. Assume
that any diagonal that you meet is along the 45° mark (i.e., NW, NE, SW, or
SE). Here is an example. If you see this letter you should say aloud:

N, E, SE, N, E, S, W, NW, S, and W.

SW Se

When you arrive back at the corner at which you started, you should rotate

the figure 90° clockwise about that point and once again trace out the figure.

Thus with the above letter you should then say: E, W, SW, E, S, W, N, NE,
W, and N. When you finish this rotate the figure a further 90° clockwise

and start again.



69

You should start tracing out the letter immediately after you have
read the dial and do this as accurately and as fast as possible. You should
continue the pattern of tracing out, rotating, tracing out, etc, until you
see a row of asterisks at which time you should try and recall aloud the
reading from the dial face. You will earn extra pay for each ccrrect recall
that you make and you will lose pay for each error so please try and be as
accurate as possible., After the row of asterisks has come on you will have
10 sec in which {o recall the dial reading and relaz berore the word '"ready"
comes on again signalling the start of a new trial on which a new dial
reading and a new letter of the alphabet will appear. If you want to change
your mind about the number which you recall you may do so within the 10 sec
and I shall accept the last number that you give to me, You should always
speak loudly and clearly so that 1 can hear you via the speaker system,

There are once again three different dial faces, so there will be three
different blocks of trials. I shall be testing how well you remember the
dial readings after three different lengths of time. Sonmetimes you will
recite the alphabet for S sec before recalling the dial reading; sometimes
for 10 sec and sometimes 20 sec. This time will be varied from trial to
trial. The range on all dials i3 from 100-300. You will have noticed
that on the clock-face dial the scale is fixed while the pointer moves
round, so that when the pointer is on the right-hend side of the dial
the reading must be between 100 and 199, With the "bathroom scales" the
pointer stays fixed and the scale moves past the open window. You can
always see two numbers and they increase from left to right. You will
have realized that the digital counter unlike the other twc dials gives

you the final digit of the 3-digit number directly.
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On each block of trials we shall have two practice trials and then
we shall begin the test series. Before each block of trials I shall show
you a sample of the type of dial which we shall be using on that block
of trials, Please make a recall response on each trial even if you have
to guess one of the three digits, and always make the best guess possible -
this will help your score.

Remember the key thing is once again accuracy. It is very important

to trace out the letter as fast as you can without making mistakes.

Any questions?



APPENDIX II

TABLED VALUES FOR DATA CITED IN CHAPTERS III, IV, V AND VI

TABLE 1

PERCENT READING ERRORS IN EXPERIMENT I

Dial Face
Moving Scale Moving Pointer

Exposure

Duration 0.75 1.0 1,25 0.75 1.0 1.25

(sec)

6 Female Ss 12.18 7.05 5.77 19,77 13,46 5.77
6 Male Ss 5.77 5.77 3.85 10,90 4.u49 3.21
All Ss 8.97 6.4l 4.81 15,38 8.97 4,49

TABLE 2

PERCENT CORRECT RECALL OF DIAL READINGS FROM DIFFERENT DIALS

AT DIFFERENT RETENTION INTERVALS - EXPERIMENT II

Retention Interval (sec)

5 10 20
Dial Face
Moving Scale 1 57.3 56 .8 49,0
Moving Pointer 70.3 57.3 ug.u
Digital Counter 65.1 70.8 56.8

71
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TABLE 3

PERCENT CORRECT RECALL OF READINGS FROM THE VARIOUS DISPLAYS - EXPERIMENT III

Spatial Interpolated Task

Retention Interval (sec)

5 10 20
Moving Scale 67.4 54,2 45,8
Moving Pointer 69.4 56.9 54,2
Digital Counter 76.4 61.8 59,0

Non-Spatial Interpclated Task

Retention Interval (sec)

5 10 20
Moving Scale 63.9 50.7 39.6
Moving Pointer 66.7 58.3 46.5

Digital Counter 66.0 57.6 54,9
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TABLE 4

PERCENT CORRECT RECALL OF THE READINGS FROM THE VARIOUS DISPLAYS - EXPERIMENT IV

Non-Spatial Interpolated Task

Retention Interval (sec)

5 10 20
Moving Scale ) 50,0 41,67 37.50
Moving Pointer 55.21 40,63 53,13
Digital Counter 72.92 61,46 55.21

Spatial Interpolated Task

Retention Interval (sec)

5 10 20
Moving Scale 67.71 51,04 44,79
Moving Pointer 66,67 62,50 52,08

Digital Counter 69.79 61,46 62,50
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TABLE 5

ERROR CLASSIFICATION DATA OBTAINED WITH THE DIGITAL COUNTER

Experiment 11
Retention Interval (sec)
) 10 20
V1 3 3
V2 4 9
S .19 21 21
M 12 12 14
L 29 18 36

Experiment III
Retention Interval (sec)

S 10 20

Spatial Inter-
polated Task

0
V1 0 1
v2 3
S 13 11 17
M 6 20 13
L 12 20 26
Non-Spatial
Interpolated
Task
v1 0

2
Va2
S 21 16 23
M 16 14 18
L 9 22 21
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TABLE § (Continued)

ERROR CLASSIFICATION DATA OBTAINED WITH THE DIGITAL COUNTER

Experimant IV
Retention Interval (sec)

] 10 20
Kon-Spatial
Interpolated
Task
Vl 1 0 0
V2 k) )
S 5 10 9
M “ 2 6
L 13 20 23
Spatial Inter-
polated Task

0

v1 2 0
!
S 12 8 11
M 3 10 ]
L ) 13 15
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ANALYSIS OF VARIANCE FOR EXPERIMENTS I, II, III AND 1V

TABLE 1

ANALYSIS OF VARIANCE FOR THE SQUARE ROOT TRANSFORMATION

OF THE NUMBER OF READING ERRORS - EXPERIMENT I

Source of Variation df MS r
Dial Face 1 0.7 6,638
Error for Dial Face 11 0.16
Cxposure Duration 2 2,25 11,25044
Lrror for Exposure Duration 22 0.20
Dials x Exposure Duration 2 0.42%
Error for Dials x Exposure Duration 22 0.2u5

* p < 0.1
AR p < 0.01

TABLE 2
ANALYSIS OF VARIANCE FOR ERROR DATA —-2172_ _ pyprrINENT II
Heleld

Source of Variation df MS F
Dial Face 1 0,69 17,2548
Error for Dial Face 23 0.0
Retention Interval 2 0.01
Error for Retention Interval 46 0.0
Dial Face x Retention Interval 2 0.0 1,02
Error for Dial Face x Retention u6 0.0u9

Interval

L R« 0.01
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TABLE 23
ANALYSIS OF VARIANCE FOR CRROR DATA —-*1/2_ _ pxppmimpwt 111
MelLel]

Source of Variation daf NS F
Between Subjects

Interpolated Task 1 0.08

Subjects Within Groups 17 0.1%
Within Subjects

Dials 1 0.25 3.68

Crror for Dials u 0,068
Dials x Interpolated Task 1 0.01
Lrror for Dials x Interpolated Task 24 0.068
Retention Interval 2 0.13% T L
Crror for Retention Interval 68 0.039
Retention Interval x Interpolated Task 2 0.025
Crror for Retention Interval x 68 0,039

Interpolated Task

LU B« 0.0%
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TABLE 4
ANALYSIS OF VARIANCE FOR ERROR DATA —=t1/2 _ _ EXPERIMENT 1v
M+L +1
Source of Variation df MS F
Interpolated Task 1 0.02
Error for Interpolated Task B Wl
Dials 1 0.85 12, yyiedek
Error for Dials 11 0,069
Retention Interval 2 0.19 6. 7utthk
Error for Retention Interval 22 0.028
Interpolated Task x Dials 1 0.38 16, 10%#
Error for Interpolated Task x Dials 11 0.0236
Interpolated Task x Retention Interval 2 0.005
Error for Interpolated Task x ’ 22 0.0218
Retention Interval
Dials x Retention Interval 2 0.11 2.657
Error for Dials x Retention Interval 22 0.041u
Interpolated Task x Dials X 2 0.01
Retention Interval
Error for Interpolated Task x Dials x 22 0,035

Retention Interval

#hk p < 0,01
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